On the basis of available data, we have built an eco-conscious socioeconomic framework model including 36 sectors by means of environmental value-added theory and developed energy and carbon dioxide (CO2) emission related scenarios in order to evaluate comprehensively the effect of carbon tax on CO2 emis sion curtailment and introduction of suitable alternative energy in China. An optimal carbon tax rate is derived endogenously.
Global warming will be a large common issue human beings face in the 21St century. At the Third China ratified the Kyoto Protocol on September, 2003. China is the second largest energy producer and the second largest energy consumer in the world just ranked after US. China's energy consump tion pattern largely depends on its energy resource, distribution and transmission. Because the carbon content per calorific value of coal is on average 30% higher than that of oil, the coal is a major cause for the increase in the amount of CO2 discharged, especially with China where the energy dependence on coal was 66.1% in 2000 (China National Bureau of Statistic (NBS), 2003) . Therefore, from the viewpoint of taking measures against global warming, it is desirable not only to aim at achieving ef ficient energy consumption but also to shift from coal to other energy sources, which discharge lesser amounts of CO2 than coal, such as nuclear power or other forms of alternative energy.
In this research nation-wide environmental tax by means of environmental value-added theory 1 Tel & fax .:+81-29-853-7221; E-mail address:{leebin; higano} @jsrsai. envr. tsukuba. ac. jp and advancement of alternative energy are focused on. This research consists of six Chapters. We introduce the purpose of the study and the state of the energy sector and CO 2 levels in China briefly in Chapter 1, literature review in Chapter 2, and our model, the simulation results and conclusions are given in Chapter 3, 4 and 5.
2.Literature Review: China-specific Environment Models
We reviewed China-specific environment models focusing on their pollutants and data resources hereinafter.
World Bank model (Martin, 1993 The model of Zhang (Zhang, 1997) is another GEM which 'pays particular attention to modeling the energy sector and linkages to the rest of the economy'. The model is based around the 1987 I-O Carbon emissions are calculated from energy consumption by applying energy-specific emission coefficients.
In the model of optimum transportation model (Li and Higano, 2001) , the whole area of China is divided into seven zones and a China type multi-regional multi-sectional socio-economic model was built. Based on social environment and economy of China in 1997, the changes in economic growth are analyzed up to the 21st century under harsher measures for the amount of discharge of contaminants of CO, SOX and NOX. In particular, as an experimental study, the change in the regional economy of the western part of China is analyzed. This has become a burning issue recently due to the expansion of the transportation system by infrastructure investment. The model is calibrated on the 1997I -O table. 3Es-Model (Li, 2003) is an integrated econometric model consisting of macroeconomic sub-model, energy sub-model and environment sub-model to perform a long-term simulation study for China without using I-O table. The environment sub-model is simply designed to generate the energy-related productions matrices and emissions matrices of both SO2 and CO2, following the energy balance table.
Case-5, the carbon tax case, assumes that carbon tax 10US$/t-c will be imposed on energy consump tion from 2011. This means that the rate of carbon tax is an exogenous variable.
3.Eco-conscious Socioeconomic Framework Model
The whole model can be divided into two parts. The first part is to model cost of alternative energy based on the theory of learning by doing. As is well known, the learning curve based on the theory has the characteristic that the production cost of a new product with advanced technology falls exponentially. It is assumed that the cost of alternative energy is determined by using the informa tion on the rate of increase in production output, the feature of the learning curve, and the price of competing energy. The production cost of the alternative energy was estimated based on the logistic curve and penetration ratio. The second part of the model is specified mainly based on the theory of environmental value-added tax (Higano, 1996) . The whole model is a GEM and markets are linked with mutually through the duality of commodity and value balance, and are in equilibrium. Japanese yen (JPY; NBS, 1999b) . The cost data is used as P new in the equation (7) of the model.
3.2Industrial Classification
Using the usual classification of 32 sectors, the sector of Electric Power, Gas and Heat Supply is divided into sector of Electric Power and sector of Gas and Heat Supply. Adding two Alternative
Energy sectors of Solar Power and Wind Power and one sector of Pollution Abatement, which removes CO2 with cleaner technology such as methane fermentation, totally 36 sectors are supposed to exist in the economy of China ( Table 2 ).
The input coefficients of Solar Power sector and Wind Power sector were estimated using the I-O structure of the Household Electric Appliances sector and Generators sector, respectively. In addition, considering the social cost of CO2 discussed so far in the world, the Pollution Abatement sector was estimated using the I-O structure of General Machinery sector. The cost of Abatement sector was estimated at 100 CNY/t in the research. The abatement industry is a virtual one. 
3.4.1Commodity Flow Balance on the Usual Sectors
Each usual sector would produce enough to meet all of demand. Namely, the product of an industry is equal to or larger than the total demand for the product. 
in which, 
3.4.2Commodity Flow Balance on the CO2 Pollution Abatement Sector
The total emissions consist of emissions from the usual sectors, the energy sector, the alterna tive energy sectors, the CO2 pollution abatement sector and the final demand sector. Further, the net emissions are calculated by subtracting the amount of CO2 pollutants abated by the CO2 pollution abatement sector from total emissions. value added and the carbon tax rate:
Value flow balance on the energy sector is specified as the following equation:
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Value flow balance on the alternative energy sectors is specified as the following equation:
Value flow balance on the CO2 pollution abatement sector is specified as the following equa tion:
Following the estimated empirical equation of cost of alternative energy, P3(t) is bound by the following equation:
Energy Supply-and-demand Restrictions
It is given as follows: 
Disposable Income of Household
The disposable income of Yd is the income calculated by deducting direct tax from personal in come. It is specified as the following equations:
Ypd(t)=ƒµ4X4(t),
3.4.6Investment and Saving
The net investment is equal to all savings.
In(t)+lE(t)-lM(t)=Sp(t)+Sg(t),
In(t)=Ip(t)+1g(t),
3.4.7Consumption and Saving Level of Household
The household pays out disposable income for consumption and saving at fixed rates respec tively.
in which, al+ƒÀ=1, 
3.4.8Production Function
The production function is given as the following equations: 
3.4.9Tax Revenue
The total tax revenue of the government consists of direct tax revenue , indirect tax revenue and the total emission tax revenue. Tax revenue is specified as the following equation.
Treg(t)=Z(t){Yud(t)+Yed(t)+ Ynd(t)+Ypd(t)}+ƒÑi1X1(t)+ƒÑi2X2(t)+ƒÑi3(t)X3(t)+ƒÑi4X4(t) +T(t){B41x1(t)+B42X2(t)+B43X3(t)+B44X4(t)+B451(C+G)},
in which, Treg(t): the total tax revenue of the government in term t.
Government Expenditure
The government pays out the total tax revenue to government consumption, government saving, the depreciation of the capital, the subsidy for the alternative energy sectors and the countermeasure related costs for CO2-reduction. 
Texg(t)=Sg(t)+lG(t)+(SgKg(t)+ƒÑi3(t)X3(t)+T(t)X4(t),
Treg(t)=Texg(t),(24)Sg(t)=ƒÓ•ETreg(t),(25)
3.4.11Dynamic Equations of Capital Stock
In the model, one term equals three years. Therefore, dynamic equations of capital stock are specified as the followings.
in which Z(t): the actual level of emissions of the CO2 Pollution as of 1997 in China (exogenous).
3.4.13Objective Function
The objective function is to maximize the gross national product (GNP) .
in which, GNP(t): gross national product in term t;
p: the average social depreciation rate in the economy (exogenous).
4.Simulation 4.1About the Case Setup
In the simulation, the pollutant of artificial CO2 which is the main GHG resulted from energy use is focused on. The software LINGO of LINGO Systems for mathematical programming to perform the simulation is used.
Basic Case (baseline case): the CO2 emissions and economic trend in China were estimated by the simulation using the built model calibrated on the I-O table of 1997. Here, neither CO2 pollution abatement sector nor the carbon tax was considered. An emission restriction was not imposed.
Case-0 and Case-10 (reference case): supposing the existence of alternative energy sectors, the policy mean of a carbon tax was made and the emission restrictions of CO2 were also set. In the last term, 0% and 10% of upper constraint on the emissions of CO2 was performed as compared with the amounts of emissions in the Basic Case. The simulation of two cases of Case-0 (0% mitigation) and
Case-10 (10% mitigation) were performed.
4.2Simulation Result: the Integrated Evaluation of Optimal Carbon Tax Policy by Means of
Environmental Value-added in China
4.2.1Optimum Carbon Tax Rate
An optimum carbon tax rate required in order to attain the mitigation target is derived as 85.25 CNY/t-CO2 and 100.00 CNY/t-CO2 (see Table 3 ).
4.2.2Impact on the Economy
The impact on the economic welfare is shown in the above (Table 3) . GNP in the 1St term for Case-0 shows a slight decrease of 0.6% compared with the GNP in 1997 base year. It could be con cluded that the level of production in this term as compared to the achievements in 1997 was scarcely maintainable due to introduction of the carbon tax. This is because of the delay in being effective effects by the alternative energy sectors and CO2 pollution abatement sector which were just set up.
This has resulted in the difference between the result of the simulation and the achievements in 1997 for CO2 emissions or the production of Electricity sector. In the 2nd term, GNP in Case-10 exceeded the achievements in 1997 base and grew about 1.0% more than that in Case-0. Minimizing the short term negative impact by the introduction of a carbon tax, the combination of the policy means of the carbon tax and a concrete mitigation target could make Chinese economy grow more rapidly.
Next, the impact on the sector is evaluated. Table 3 also indicates the electricity generated by the alternative energy sectors by case . In the two alternative energy sectors, the electricity generated by wind power is most extended, in Case-0 it is from 236,100 kWh to 467,000 kWh while in Case-10 it is from 362,000 kWh to 672 ,200 kWh.
However, when we talk about the relative introduction rate of the alternative energy sectors, a dif ferent result was brought. advances to a considerable extent. About the introduction of the alternative energy, generally speaking, the smaller the emission coefficient is the faster the introduction will be. Therefore, the introduction of solar power will progress more, but it is not right in practice according to the result of the simulation. This is because of the effect of the energy cost which is another significant factor. According to the formula (8) in the model of this research, it is given that the alternative energy has competed with the existing conventional electricity supply; though there is little absolute quantity, it can be substituted by the existing conventional electricity resource while there also exists substitutability between the two kinds of alternative energies simultaneously. However, this is not only the case for wind power to be introduced. Because they can be substituted mutually between the existing conventional electric ity resource and the alternative energy, the energy costs can be gradually decreased. As previously calculated from the alternative energy cost model, the cost in 1997 of solar power is 2.5 CNY/kWh and that of wind power is 0.75 CNY/kWh. However, in the 2nd term, solar power cost remains the same as 2.5 CNYIkWh, but wind power cost is 0.67 CNY/kWh. For this reason, wind power with a larger emission coefficient but a lower cost progresses faster than solar power by a higher rate of an introduction. It is apparent that the introduction of wind power progresses more because of the balance between both emission coefficient and energy cost.
As shown in Table 3 , the electricity generated by the two alternative energy sectors is increasing by the introduction of a carbon tax. Therefore, a carbon tax could promote growth of the alternative energy sectors. Further, with the mixture of the policy instruments of not only a carbon tax but also CO2 specific mitigation target, growth of the alternative energy sectors can be accelerated.
5.Conclusions
We summarized the above results of integrated evaluation of optimal carbon tax policy by means of environmental value-added theory in China and could come to the conclusion as followings.
The China's economy has been in the high-growth period since the late 1990s due to 'Chinese-type' stepwise economic reforms. Being fully committed to the regulations of World Trade Organization (WTO), it would be difficult for China to attain the emission mitigation target through energy-sav ing measures only. The impact of introducing the carbon tax on energy-intensive sectors is serious.
Energy-intensive sectors include such sectors as that of Electricity, Gas, Water, Mining, General
Machinery and Non-ferrous Metals. Therefore, when considering introducing a carbon tax, prefer ential tax system for energy-intensive sectors might be sought. Therefore, it could be expected that introducing the carbon tax being combined with appropriate policies becomes power to implement the measure in China.
